Abstract: This study analyzes farmers' perception of grazing restriction policies, grassland environment and ecological management following the implementation of environmental protection policies in northern China. Understanding farmers' attitudes and their causes will hopefully aid in the creation and execution of future policies. One hundred and thirty-five households were surveyed at three occasions over the course of a decade to explore the causes and processes of farmers' perception. Farmers' ecological awareness tends to be short term. In areas with a degraded environment, farmers were eager to implement policies to improve the environment and recognized the positive impact of the grazing ban policy (GBP). However, as conditions improved, farmers' recognition and acceptance of the GBP became negative. Although farmers recognized the benefits of the GBP, they showed little awareness of the long-term process of environmental governance. As can be seen from the farmers' ecological awareness and their attitudes toward the GBP, they are more inclined to value short-term economic interest than ecological protection. We suggest that good environmental protection policy must take into account the ecological and economic interests of farmers.
Introduction
As one of the globally important terrestrial ecosystems, grasslands provide livelihoods for nearly 800 million people and are a crucial source of livestock forage and wildlife habitat [1] . With recent climate change, rapid population growth, and land-use and cover changes, three quarters of the world's grasslands have been degraded and more than 25% of their animal support capacity has been lost [2] .
The degradation of China's grasslands began to accelerate after the 1950s [3] . In addition to climate, population, land use, and other driving factors, major policies in China have had a more prominent impact on grassland environments than in other regions of the world. Before the founding of the People's Republic of China, there were no clear policy constraints on farmers' grassland management. Because grasslands were sparsely populated, farmers usually adopted a nomadic mode of production [4] . At that time, grasslands experienced less pressure, and their natural productivity and self-recovery capability maintained ecosystem equilibrium [5, 6] . During the period of , with the founding of the People's Republic of China, the population grew rapidly. Thus, food production became one of the most important enterprises at that time. A large-scale land reclamation policy was implemented in this context [7] . As the population increased and the conflicts between arable land and grassland intensified, the nomadic distance gradually narrowed and slowly evolved into sedentary grazing [8] .
With excessive use and lack of any protection, this led to the degradation of many grassland regions [9, 10] . At this time, all the grassland and livestock were owned by communes. With the reform of the economic system in 1978 (the communes were replaced by a household contract responsibility system), grasslands were contracted to farmers. However, due to the higher cost of grassland fencing, most of them were not separated [11] . Therefore, this did not change the nature of the common-pool grassland management. Livestock were also distributed to households, which greatly promoted farmers' enthusiasm for production. The average number of livestock increased from 30 × 10 6 heads in 1949 to 100 × 10 6 in the 1990s. This led to an approximate 70% decrease in the average land area per head of livestock. This trend also caused the overall grassland area to decrease by 65 × 10 6 hm 2 . This then led to a sharp decline in the quality of grassland. These factors created a vicious cycle of grassland degradation [12] .
To curb the trend of grassland degradation and coordinate China's western development strategy, the state implemented a series of policies primarily aimed at environmental protection. The grazing ban policy (GBP) is one of these policies. In 2003, a GBP was implemented in Ningxia, Inner Mongolia, Gansu, Qinghai, Yunnan, Sichuan, Tibet, Xinjiang, and the Xinjiang Production and Construction Corps (the policy was expanded to Heilongjiang, Jilin, Liaoning, Hebei, and Shanxi in 2012). The main component of the policy is the fencing of seriously degraded grassland, in exchange for subsidies including feed grain (for five years) and capital grants (for the construction of grassland fencing, etc.) tailored to regional differences. By 2013, the total area of GBP implementation reached 0.96 × 10 8 hm 2 . Following the implementation of the GBP, the grassland ecological environment significantly improved. The grassland vegetation coverage, vegetation height, and fresh yield compared with areas without grazing control are 10%, 34.8%, and 53.5% higher, respectively.
The implementation area of the GBP is focused on China's ethnic minority areas (including Hui, Mongolian, Tibetan, and Kazak minorities) where grassland is a main source of income. The vast majority of farmers have difficulty accepting these mandatory changes to their traditional means of livelihood. Moreover, according to the survey, more than 70% of farmers engaged in illegal grazing following the GBP implementation. Therefore, understanding the attitude of farmers to the GBP and their perceptions of the environment is critically important for future conservation strategies.
Previous evaluations of new or reformed rangeland policies focused more on changes in soil physical and chemical properties [13] [14] [15] [16] , grassland community characteristics [17, 18] , farmers' livelihoods [19] [20] [21] , and farming inputs and outputs [22, 23] . Other studies used governmental or public interview data from a small number of farmers to examine the implications of policies [24, 25] . However, these studies are limited to cross-sectional data for one year, and there is a lack of comparative studies over different years.
In this study, household surveys were conducted over three stages (2003-2004, 2007-2008, and 2011-2012) to explore changes in farmers' attitudes towards the GBP over time and their awareness of ecological changes after the GBP. Although there are certain discrepancies between farmers' answers and their actual behavior, farmers' attitudes toward the policy over time still reflect their behavior to a certain extent. This analysis also lays the groundwork to explore root causes of illegal grazing behavior.
The main objectives of this study are to: (1) identify how well farmers' perception reflects actual environmental change; (2) follow changes in farmers' perception over time and determine the causes of these changes; and (3) recommend improved strategies for the GBP.
Materials and Methods

Sampling
A typical prohibited grazing area of Yanchi County was selected for this study. Yanchi County lies in the central northern area of China, in the eastern part of the Ningxia Hui autonomous region (106 • 30 E to 107 • 47 E, 37 • 04 N to 38 • 10 N) (Figure 1 ). Yanchi County covers an estimated area of 8557.7 km 2 . Yanchi County is a typical farming and stockbreeding area, mainly focusing on stockbreeding. The output value of stockbreeding accounts for 60% of the total output value of agriculture. The grassland area is 5.57 × 10 5 hm 2 , of which 4.76 × 10 5 hm 2 is of suitable ecological quality for farming. Stockbreeding in Yanchi County has developed over 1000 years, and the grassland of this region was very lush according to historical records. From the 1950s to the 1980s, large areas of grassland were cleared for farmland following a series of national policies. This process, combined with an extensive pattern of continuous grazing, directly resulted in the rapid desertification of the area. By 2000, the desertified grassland area was 2.87 × 10 5 hm 2 , accounting for 62.4% of the total available grassland area. To restore the grassland vegetation and reduce the grazing pressure on natural grassland, the GBP was implemented by Yanchi County in 1 November 2002, earlier than the national implementation. Under the GBP, grasslands were typically allocated to a household or group of households and most of the grasslands were fenced (unlike the previous contract responsibility system, the GBP only allows farmers to maintain, manage or mow the grassland.). To change the traditional practices of farmers, the government also implemented a series of policies to facilitate barn feeding and punish illegal grazing. Since farmers are accustomed to a continuous grazing regime, government-mandated GBP was hard to accept. Therefore, farmers often resort to illegal grazing. As government supervision is more intense during the day, farmers gradually shifted to night grazing. According to the survey, 90% of ewe-breeding farmers engaged in illegal night grazing. Farmers put up with tremendous long-term physical and psychological pressure to conduct illegal grazing, reflected in their attitudes towards the GBP. Yanchi County implemented the GBP more than a decade ago. In order to better understand changes in farmers' perception to policy and environment, the project team conducted three household surveys (in 2003-2004, 2007-2008, and 2011-2012) , covering the entire county. The systematic sampling method was chosen. Based on eight towns of Yanchi County, a certain number of farmers were randomly selected according to the proportion of the population of the towns. In the space, the distribution of the selected individuals was considered to be able to satisfy the maximum degree of coverage of the township. A semi-structured survey that combined a questionnaire and household interview was used. The majority of farmers surveyed were mainly engaged in illegal grazing. These farmers are most dependent on the grassland, and they are the most impacted by the grazing ban policy. Therefore, these farmers' perception of policy and ecological environment is more clear-cut. stockbreeding. The output value of stockbreeding accounts for 60% of the total output value of agriculture. The grassland area is 5.57 × 10 5 hm 2 , of which 4.76 × 10 5 hm 2 is of suitable ecological quality for farming. Stockbreeding in Yanchi County has developed over 1000 years, and the grassland of this region was very lush according to historical records. From the 1950s to the 1980s, large areas of grassland were cleared for farmland following a series of national policies. This process, combined with an extensive pattern of continuous grazing, directly resulted in the rapid desertification of the area. By 2000, the desertified grassland area was 2.87 × 10 5 hm 2 , accounting for 62.4% of the total available grassland area. To restore the grassland vegetation and reduce the grazing pressure on natural grassland, the GBP was implemented by Yanchi County in 1 November 2002, earlier than the national implementation. Under the GBP, grasslands were typically allocated to a household or group of households and most of the grasslands were fenced (unlike the previous contract responsibility system, the GBP only allows farmers to maintain, manage or mow the grassland.). To change the traditional practices of farmers, the government also implemented a series of policies to facilitate barn feeding and punish illegal grazing. Since farmers are accustomed to a continuous grazing regime, government-mandated GBP was hard to accept. Therefore, farmers often resort to illegal grazing. As government supervision is more intense during the day, farmers gradually shifted to night grazing. According to the survey, 90% of ewe-breeding farmers engaged in illegal night grazing. Farmers put up with tremendous long-term physical and psychological pressure to conduct illegal grazing, reflected in their attitudes towards the GBP. Yanchi County implemented the GBP more than a decade ago. In order to better understand changes in farmers' perception to policy and environment, the project team conducted three household surveys (in 2003-2004, 2007-2008, and 2011-2012) , covering the entire county. The systematic sampling method was chosen. Based on eight towns of Yanchi County, a certain number of farmers were randomly selected according to the proportion of the population of the towns. In the space, the distribution of the selected individuals was considered to be able to satisfy the maximum degree of coverage of the township. A semi-structured survey that combined a questionnaire and household interview was used. The majority of farmers surveyed were mainly engaged in illegal grazing. These farmers are most dependent on the grassland, and they are the most impacted by the grazing ban policy. Therefore, these farmers' perception of policy and ecological environment is more clear-cut. We recorded the home address and household information of farmers during the first survey. Some individual farmers could not be investigated on return visits due to relocation, illness, death, etc. Data from these households were removed. We first investigated a total of 264 households. After removing data to preserve consistency over the years, 135 households remained in our sample (Table 1) . 
Survey Instrument and Analytical Methods
Survey questionnaires covered: (1) the background of interviewees (including gender, age, educational level, and occupation) and their household information (including members, grassland area, cultivated area, family income, and number of sheep); (2) perceptions of farmers towards grassland environment, including grassland environment changes after the GBP and the reasons behind grassland degradation; (3) attitudes of farmers to the GBP, including willingness to accept and the impact of the GBP on the environment; and (4) farmers' awareness of ecological management, including the significance of ecological management and how to conduct grassland ecological management.
The questionnaire used two design approaches for different content. Farmers' basic information was collected via tables completed by interviewees. The survey of the attitudes of farmers contained a series of questions with interviewees choosing amongst several possible answers. During the survey, additional questions were sometimes asked to develop particularly vivid examples.
Results were analyzed by frequency distributions and the Mann-Whitney U test. The frequency distribution of each variable was obtained by calculating the frequency of various responses to each question. Mann-Whitney test is to determine whether there is a statistically significant difference in the perception of farmers in different stages by using the Mann-Whitney U statistic.
Results
Farmers' Perceptions of the Grassland Environment
Grassland desertification in Yanchi County was extremely serious before the implementation of the GBP. According to local farmers' descriptions, "The wind blew all year, from winter to spring."
The beginning of the GBP was marked by a series of government initiatives, including reseeding and planting of grass. In total, 51.79% of Yanchi County farmers perceived an improvement in the grassland environment (Table 2) . With the extension of the GBP, grassland ecology further improved. According to vegetation surveys in Yanchi County carried out by the Agriculture and Animal Husbandry Bureau in 2009, the average height of the grassland community was approximately 30 cm; vegetation coverage increased from 30% to 68%; fresh yield increased from 720 to 2205 kg·hm −2 ; and grazing capacity increased from 2.07 to 1.33 hm 2 ·sheep −1 unit. An increased number of farmers perceived these changes as "a little improvement" or "greatly improved" since 2007 ( Table 2 ). The proportion which perceived a deterioration in the ecological environment, including "a little deterioration" and "great deterioration", declined correspondingly ( Table 2 ). The Mann-Whitney U test showed that there were significant differences between the first and the last two stages, respectively (p < 0.01) (Table A1 ). However, there were no statistically significant differences between the last two stages (p = 0.541) (Table A1 ). It just showed that the degraded grassland recovered fast at the beginning of the reduction of grassland pressure. However, with the extension of the GBP, the rate of grassland recovery slowed down.
The combined findings of the three surveys indicate that farmers give considerable recognition (82.07%) to the grassland environment improvements brought about by the GBP, while the change in perception regarding the grassland ecological environment is in line with local conditions (Table 2) . In the first two surveys following the GBP, farmers responded that overgrazing (41.39% and 41.86%) and climate (24.24% and 28.47%) were the main reasons for the deterioration in the grassland environment (Table 3) . However, as the grassland environment improved, farmers generally thought that long-term implementation of the GBP was not conducive to grassland renewal. The government maintained the status quo of the GBP, ignoring the use value of grassland. Therefore, at this stage, farmers attributed grassland ecological deterioration to "dry climate" and "government mismanagement" (Table 3) . Before the GBP, the grasslands of Yanchi County lacked any management, resulting in a large number of unauthorized reclamations of arable land and excessive licorice digging. Therefore, farmers highlighted "reckless land reclamation" (14%) in the early period of the GBP implementation ( Table 3) . As the government started to enforce appropriate regulatory measures, farmers' concerns about this behavior decreased (8.62%) ( Table 3 ). However, continued economic development, expansion of urban areas, and governmental promotion of breeding parks (which occupy a large area of grassland) resulted in farmer discontent (17.46%) ( Table 3) . Yanchi County has a relative shortage of water resources. The grassland in the northern part of the county experienced salinization in recent years due to over-watering, which explains the 5.97% and 5.13% respondents concerned about overpumping (Table 3 ). There is no excessive groundwater extraction phenomenon in other areas. Although there are some differences in farmers' responses, there are no statistically significant differences between the three stages (Table A2 ). However, from the overall results it could be seen that farmers are more inclined to think the main reason for grassland degradation is people's irrational use of grassland. 
Farmers' Attitude towards the GBP and Its Impact
Over the study period, farmers' acceptance of the GBP changed from high to low (Table 4) . At the beginning of the GBP, the most common attitude was of "voluntary acceptance, initiative implementation" (55.14%), with the lowest proportion "firmly opposed, refused to perform" (Table 4) . Moreover, this result showed significant differences with the other two stages (p < 0.01) (Table A3 ). This may be due to long-term damage by wind and sand before the GBP, making farmers eager to improve the ecological environment. Coupled with accompanying preferential agricultural subsidies, this resulted in farmers having a high expectation of the GBP. With the implementation of the GBP, the grassland ecological environment gradually improved and the impact of sand on the life of farmers decreased. Combined with lower rates of household returns after the GBP, farmers began to desire an appropriate relaxation of the GBP. At this stage, the farmers' "voluntary" ratio decreased (37.39%), while "refused to perform" attitudes were highest (19.57%) ( Table 4) . With continuing implementation of the GBP, farmers became acclimatized to illegal grazing. At this stage, farmers became indifferent to the provisions of the policy, and mainly acted according to "government regulations, forced to accept" (76.53%) ( Table 4 ). This result showed no statistically significant difference with the second stage (p = 0.109) (Table A3) . When faced with the question of the GBP impact on the environment, farmers who believe that the policies "have a very positive impact" accounted for 74.06%, 59.24%, and 49.37%, respectively (Table 5 ). There were significant differences between the first and the second (p = 0.032) and the first and the third (p < 0.01) stages, respectively, but there were no statistically significant differences between the second and the third stages (p = 0.093) (Table A4 ). Although showing a marked decline, overall acceptance was higher. Integrating "have a very positive impact" and "have a positive impact" options, farmers' views of the positive environmental impact of the GBP in the three stages was on average 80.51% (Table 5 ). This shows that farmers recognized the effects of the GBP, but this recognition declined over time, reflecting the helplessness of the farmers to alter the policy. 
Farmers' Awareness of Grassland Ecological Management
Farmers' awareness of the significance of ecological environment governance is more inclined to the short-term benefits which were brought by ecological environment improvement. The proportion of "reduce sand dust, improve the quality of life" responses increased over time, and the proportion of "beautify the environment" responses also maintained a certain level (30.52% on average) ( Table 6 ). Over the three surveys, the average positive responses were 52.48% (Table 6 ). The perception of the long-term benefits of ecological environment governance did not change much over time, e.g., 31.69% on average for "benefit for future generations" (Table 6 ). Farmers' expectations that the government would adapt the policy to support their income decreased over time: "optimize grassland, raise income" was higher at the beginning (33.69%) and decreased later (5.9% and 5.82%) as these expectations were not realized (Table 6 ). Tests showed that, as time went on, there was a significant difference between the first and the third stages (p < 0.01). However, the second stage had no differences between the first (p = 0.152) and the third (p = 0.541) stages (Table A5) . Table 6 . Survey responses to the question: "What do you think is the significance of grassland environment governance?". In response to this question, no differences were found between the three stages (Table A6 ). Regarding grassland ecological management, farmers firstly agreed that the government should invest more (41.67%, 40.52%, and 41.84%) ( Table 7) . Secondly, they thought that "rotational grazing" should be implemented in grasslands (20.01%, 41.48%, and 27.61%) ( Table 7 ). The proportion supporting rotational grazing was higher in 2007-2008 for similar reasons to the farmers' acceptance of the GBP. With the improvement of the ecological environment, some farmers even thought that "the grasslands will self-restore" and that there is no need to carry out any ecological restoration. This reflects, to some extent, the farmers' dependency on grassland utilization and related income. Farmers' enthusiasm for the household contract responsibility system was not high, mainly because they expected the responsibility of grassland management to revert to them after some time (19.05%) ( Table 7) . Farmers who were acclimatized to illegal grazing expected a contract responsibility system to be implemented (13.27%) (contracted to a single household) (Table 7) . However, the government only allows farmers to mow grassland, so farmers' enthusiasm decreased (12%) ( Table 7) . 
Discussion
The development of an effective policy requires understanding the background and structure of the policy as well as considering the role of the main body of people affected. Effective incentives and management mechanisms support the implementation of the policy. Because of their high dependency on grassland, changes in rights of use directly affect farmers' production and lifestyle. Therefore, all aspects of grassland ecosystem management should be considered when developing a grassland policy, including grasses, animals, and human beings.
In recent years, in the study of grassland resource management, adaptive management and community management have gradually garnered more attention [26] [27] [28] [29] . These management regimes emphasize the role of resource utilization participants at different levels. The participation of the people cannot be separated from their perception and understanding of the ecological environment. Environmental perception is the psychological basis of people's environmental behavior, and proper environmental perception is the foundation of reasonable environmental behavior [30] . As the most important economic entities and the most basic decision-making units, the farmers' perceptions and attitudes towards the environment reflect the changes and functions of the regional development. Atteh (1984) [31] showed that Nigerian farmers' perceptions of the environment are very good, and they have a strong ability to identify pest problems and consciously conduct efficient management and decisions according to the perception of pests. Gasson and Potter (1988) [32] found that if farmers have strong ecological protection awareness, their protective behavior is stronger. Whitby (1994) [33] pointed out that participation in environmental planning helped farmers change their attitude towards the environment.
This study shows that farmers' perceptions of ecological environment improvement are accurate, but they have wide-ranging comments on the GBP. According to the survey, the sheep breeding rate was higher during barn feeding than grazing periods, and the rate of return increased to a certain extent. However, farmers focused on short-term cost reduction and did not consider that after the grazing ban was lifted, the sheep breeding rate would decline to the level of the past. Thus, farmers' perceptions of the ecological environment are closely related to their economic interests and show a certain short-term bias. Cary and Wilkinson (1997) [34] showed that farmers' environmental awareness does not translate into specific environmental protection behavior unless the behavior has corresponding economic benefits. The grassland utilization behavior follows, to a certain extent, the theory of the Tragedy of the Commons [35] .
Most ecological protection projects cannot immediately produce economic benefits (there are many uncertainties about the future of the project), and it is not difficult to understand why the majority of farmers with a positive environmental attitude conduct illegal grazing. Farmers have self-awareness of the illegal grazing behavior. Most of them think that the GBP policy should not be endless and that grasslands should be grazed appropriately after the reversion of grassland desertification to maintain self-renewal capacity. They engage in illegal grazing for their own interest while expressing positive attitudes towards the survival of grasslands. Many studies indicate that after degraded grassland is restored, it should be sustainably grazed. A positive feedback relationship between plant growth and livestock feed can then be gradually established. Long-term prohibition of grazing is not conducive to the regeneration of grasslands [36, 37] . In fact, after the implementation of the GBP, despite some illegal grazing, the overall pressure on grasslands was reduced compared with periods with no government supervision. Grassland desertification reversion in Yanchi County is the result of the interaction between the GBP and farmers' illegal grazing behavior.
Conclusions
This case study highlights changes in the perception of farmers over 10 years of GBP implementation. Knowledge of the policy and economic background of the study area gave us a preliminary understanding of the underlying causes of these changes. Farmers' answers inevitably reflect strong emotions towards the long-term implementation of the GBP. Even so, the results can reflect farmers' ideas to a certain extent via the comprehensive analysis of the data over several years. Additionally, the results provide a reference for subsequent rational policy formulation.
As can be seen from the response of farmers to the GBP, ecological awareness of farmers tends to be short term. In areas with a degraded environment, farmers were eager to implement policies to improve the environment and recognized the positive impact of the GBP. However, as conditions improved, farmers' recognition and acceptance attitudes toward the GBP became negative. Although farmers recognize the effect of the GBP, they have little understanding of the long-term process of environmental governance. As can be seen from the attitudes of farmers toward the GBP and their ecological awareness, they are more inclined to value short-term economic interests than ecological protection.
As the direct users of grassland, farmers have a small farmers' consciousness, but they are sensitive to the perception of the quality of resources. A good ecological policy should take into account the ecological environment and the income of the farmers. Therefore, the formulation of future policies should take into account the views of those who will be most directly affected by its implementation. Given that farmers are driven by economic interests, the government should formulate corresponding incentive mechanisms, such as grazing fees or payments based on the provision of ecosystem services.
This article is a preliminary study, and a follow-up study should include controlled experiments to explore ways to motivate farmers and realize the sustainable management and utilization of the grassland. Author Contributions: Yong Chen contributed to the data collection, data processing, and drafting of the paper; Lihua Zhou conceived and designed the study, and revised the paper.
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